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(57) ABSTRACT

A display panel includes a gate line dividing a pixel region
into a first region and a second region and including a gate
clectrode, a data line crossing the gate line and including a
source electrode, a thin film transistor connected to the gate
line and the data line and including the gate electrode, the
source electrode, and a drain electrode facing the source
clectrode, a protective layer disposed on the thin film transis-
tor and comprising a first contact hole and a second contact
hole, and first and second sub-pixel electrodes disposed on
the first and second regions of the divided pixel region,
respectively. The drain electrode 1s directly connected to the
first sub-pixel electrode through the first contact hole, and the
drain electrode 1s directly connected to the second sub-pixel

clectrode through the second contact hole.

4 Claims, 8 Drawing Sheets
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DISPLAY PANEL AND METHOD OF
MANUFACTURING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2007-0127683, filed on
Dec. 10, 2007, which 1s hereby incorporated by reference for
all purposes as 1t fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a display panel and a
method of manufacturing the display panel and, more par-
ticularly, to a multi-domain display panel that may have an
increased aperture ratio and improved yield and performance,
and a method of manufacturing the same.

2. Discussion of the Background

A liquid crystal display (LCD) device includes a thin film
transistor (TFT) substrate including a plurality of thin film
transistors, a color filter substrate including a plurality of
color filters, and a liqud crystal layer, which has dielectric
anisotropy, disposed between the TE'T substrate and the color
filter substrate. A desired image 1s displayed on the LCD by
controlling the intensity of an electric field to adjust the
amount of visible light passing through the color filter sub-
strate.

In the LCD device, the image quality may differ according,
to the direction 1n which the light 1s transmitted due to the
anisotropy of the liquid crystal molecules. Since the LCD
device displays an 1mage when light 1s transmitted in a direc-
tion that 1s not shielded by the liquid crystal molecules, 1t has
a drawback 1n that the viewing angle may be relatively nar-
rower than other display devices. Accordingly, a vertically
aligned (VA) mode LCD has been developed to realize a wide
viewing angle.

Types of VA mode LCDs include a patterned VA (PVA)
mode LCD, 1n which a pixel electrode and a common elec-
trode are patterned 1nto a plurality of domains, a multi-do-
main VA (MVA)mode LCD, in which a projection 1s disposed
on the pixel electrode and the common electrode, respec-
tively, to divide the electrodes into a plurality of domains, and
the like. Moreover, a multi-domain PVA (MPVA)mode LCD,
in which the pixel electrode 1s patterned into a plurality of
domains and a cut portion 1s disposed on the common elec-
trode, has been developed.

The conventional MPVA mode LCD includes a bridge
clectrode, which may be made of the same material as sub-
pixel electrodes 1n the middle thereof, to apply a data voltage
to the sub-pixel electrodes disposed on both sides of a pixel
region. However, 1t may be necessary for the bridge electrode
to have a width of less than 6 um to prevent malfunction of the
liquid crystal molecules, and thus an etching defect may
occur due to a mask misalignment during the formation of the
bridge electrode. Moreover, the bridge electrode may be dam-
aged when a spacer 1s disposed on the bridge electrode.

SUMMARY OF THE INVENTION

The present mvention provides a display panel and a
method of manufacturing the same that may prevent an etch-
ing defect and a display defect by directly connecting a drain
clectrode of a thin film transistor to a plurality of sub-pixel
clectrodes disposed 1n each domain without a bride electrode.
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Additional features of the invention will be set forth 1n the
description which follows, and 1n part will be apparent from
the description, or may be learned by practice of the mnven-
tion.

The present invention discloses a display panel including a
gate line dividing a pixel region 1nto a first region and a second
region and including a gate electrode, a data line crossing the
gate line and including a source electrode, a thin film transis-
tor connected to the gate line and the data line and including
the gate electrode, the source electrode, and a drain electrode
facing the source electrode, a protective layer disposed on the
thin {ilm transistor and comprising a first contact hole and a
second contact hole, a first sub-pixel electrode disposed on
the first region of the divided pixel region, and a second
sub-pixel electrode disposed on the second region of the
divided pixel region. The drain electrode 1s directly connected
to the first sub-pixel electrode through the first contact hole,
and the drain electrode 1s directly connected to the second
sub-pixel electrode through the second contact hole.

The present invention also discloses a method of manufac-
turing a display panel. The method includes forming a gate
line to divide a pixel region into a first region and a second
region, forming a data line that 1s insulated from the gate line,
forming a thin film transistor at a crossing of the gate line and
the data line, forming a protective layer on the thin film
transistor, forming a {irst contact hole penetrating the protec-
tive layer, the drain electrode of the thin film transistor being,
directly connected to the first sub-pixel electrode through the
first contact hole, forming a second contact hole penetrating
the protective layer, the drain electrode of the thin film tran-
sistor being directly connected to the second sub-pixel elec-
trode through the second contact hole, forming a first sub-
pixel electrode on the protective layer and 1n the first region of
the divided pixel region, and forming a second sub-pixel
clectrode on the protective layer and 1n the second region of
the divided pixel region.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 11saplanview of a liquid crystal display (LCD) panel
in accordance with an exemplary embodiment of the present
ivention.

FIG. 2 1s a cross-sectional view taken along lines I-I' and

II-IT' of the LCD panel of FIG. 1.

FIG. 3, FIG. 4, FIG. §, FIG. 6, FIG. 7, and FIG. 8 are
cross-sectional views showing a method of manufacturing the
thin film transistor (TF'T) substrate of the LCD panel of FIG.
1.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

The mvention 1s described more fully hereinafter with ret-
erence to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be
embodied 1n many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure 1s
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thorough, and will fully convey the scope of the mvention to
those skilled 1n the art. In the drawings, the size and relative
s1izes of layers and regions may be exaggerated for clarity.
Like reference numerals in the drawings denote like ele-
ments.

It will be understood that when an element or layer 1s
referred to as being “on” or “connected to”” another element or
layer, 1t can be directly on or directly connected to the other
clement or layer, or intervening elements or layers may be
present. In contrast, when an element 1s referred to as being,
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.

FIG. 11s aplan view of a liquid crystal display (LCD) panel
in accordance with an exemplary embodiment of the present

invention, and FIG. 2 1s a cross-sectional view taken along
lines I-I' and II-IT' of the LCD panel of FIG. 1.

Referring to FIG. 1 and FIG. 2, the LCD panel 1n accor-
dance with the exemplary embodiment of the present mnven-
tion includes a liquid crystal layer 3, and first and second
substrates 1 and 2 facing each other with the liquid crystal
layer 3 disposed therebetween.

In particular, the liqud crystal layer 3 1s vertically aligned
between the first and second substrates 1 and 2.

The first substrate 1 includes a first insulating substrate 30,
a gate line 200, a data line 300, a thin film transistor (TFT), a
storage line 400, a storage electrode 410, a first sub-pixel
clectrode 510, and a second sub-pixel electrode 520.

The gate line 200 1s provided to cross a pixel region 10 so
as to divide the pixel region 10 1nto two regions. The data line
300 1s arranged to cross the gate line 200. The gate line 200
may be provided 1n the middle of the pixel region 10 or 1n a
region adjacent to the middle of the pixel region 10.

The TF'T includes first and second gate electrodes 211 and
212, a source electrode 310 connected to the data line 300, a
drain electrode 320 connected to the first and second sub-
pixel electrodes 510 and 520, and an active layer 100 that
forms a channel between the source electrode 310 and the
drain electrode 320.

The first and second gate electrodes 211 and 212 protrude
vertically from the gate line 200 and operate the TFT accord-
ing to a gate signal applied from the gate line 200. In this case,
there are two gate electrodes, the first and second gate elec-
trodes 211 and 212, in order to suppress a kink phenomenon
that may occur due to a sudden increase 1n a drain current at
a high drain voltage. Alternatively, there may be only one gate
clectrode 11 the kink phenomenon can be suificiently sup-
pressed by one gate electrode. On the other hand, a third gate
clectrode may be added if the kink phenomenon cannot be
suppressed by the first and second gate electrodes 211 and
212.

The source electrode 310 protrudes vertically from the data
line 300 and supplies a data signal applied from the data line
300 to the drain electrode 320 via the active layer 100.

One side of the drain electrode 320 faces the source elec-
trode 310 with the first and second gate electrodes 211 and
212 disposed therebetween, and the other side of the drain
clectrode 320 1s connected to the first and second sub-pixel
clectrodes 5310 and 520 and supplies the data signal applied
from the data line 300 to the first and second sub-pixel elec-
trodes 510 and 520. The drain electrode 320 may be arranged
to overlap at least a portion of the first and second sub-pixel
clectrodes 510 and 3520. The drain electrode 320 may be
arranged to overlap the storage line 400 or an active extension
portion 150.

The active layer 100 1s disposed on the first mnsulating
substrate 30 with a buffer insulating layer 40 disposed ther-
cbetween. The active layer 100 includes a channel region 110
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that overlaps the first and second gate electrodes 211 and 212,
and first, second, and third lightly-doped drain (LDD) regions
121, 122, and 123 that are 1n contact with the sides of the
channel region 110.

The channel region 110 forms a channel of the TFT. The
first, second, and third LDD regions 121, 122, and 123 have
n-impurities 1njected therein and reduce an off current.

The active layer 100 may further include a source contact
region 130 and a drain contact region 140, imnto which n+
impurities are injected. The source contact region 130 1is
connected to the source electrode 310 through a source con-
tact hole 71 that penetrates an interlayer insulating layer 60
and a gate insulating layer 50. The drain contact region 140 1s
connected to the drain electrode 320 through a drain contact
hole 72 that penetrates the interlayer insulating layer 60 and
the gate msulating layer 50.

The first sub-pixel electrode 510 1s disposed 1n an upper
portion of the pixel region 10 and on an organic protective
layer 70. The first sub-pixel electrode 510 1s connected to the
drain electrode 320 through a first contact hole 73 penetrating
the organic protective layer 70 to receive a data signal. The
first contact hole 73 may be disposed 1n a region where the
drain electrode 320 overlaps the first sub-pixel electrode 510.

The second sub-pixel electrode 520 1s disposed 1n a lower
portion of the pixel region 10 and on the organic protective
layer 70. The second sub-pixel electrode 520 1s connected to
the drain electrode 320 through a second contact hole 74 that
penetrates the organic protective layer 70 to receive a data
signal. The second contact hole 74 may be disposed 1n a
region where the drain electrode 320 overlaps the second
sub-pixel electrode 520. In this case, the first and second
sub-pixel electrodes 510 and 520 are spaced apart from each
other to form first and second domains, respectively.

Since the first and second sub-pixel electrodes 510 and 520
are connected to the drain electrode 320 through the first and
second contact holes 73 and 74, respectively, a bridge elec-
trode to connect the first and second sub-pixel electrodes 510
and 520 1s omitted. Accordingly, it may be possible to prevent
an etching defect caused during the etching of the bridge
clectrode and further prevent the bridge electrode from being
damaged during the later formation of a spacer.

A storage capacitor Cst 1s formed by overlapping the stor-
age electrode 410 and the active extension portion 150 with
the gate msulating layer 50 disposed therebetween.

The storage electrode 410 protrudes from the storage line
400 arranged parallel to the gate line 200. Since the active
extension portion 150 1s connected to the drain electrode 320,
the storage capacity can be increased. In the case where the
storage capacitor Cst 1s formed by overlapping the storage
clectrode and the first sub-pixel electrode with the interlayer
insulating layer and the organic protective layer disposed
therebetween, the distance between the two electrodes may
be too far, and thus the storage capacity may be reduced.

Moreover, the storage capacitor Cst may be formed by
overlapping the storage electrode 410 and the drain electrode
320 with the interlayer insulating layer disposed therebe-
tween.

The storage line 400 and the storage electrode 410, as
shown in FI1G. 1 and FIG. 2, may be disposed on the bottom of
the gate line 200. In this case, the second sub-pixel electrode
520 may be arranged to overlap the storage electrode 410.

The display panel in accordance with the exemplary
embodiment of the present invention may further imnclude a
second storage line 420 disposed between the previous pixel
region and the current pixel region 10.

The second storage line 420 may be arranged to overlap the
first sub-pixel electrode 510 of the current pixel region 10.
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Moreover, the second storage line 420 may be supplied with
a storage voltage. Further, the second storage line 420 may be
floated.

The second storage line 420 may separate the previous
pixel region 10 from the current pixel region 10 and prevent
light leakage from the adjacent pixel region.

The second substrate 2 includes a second insulating sub-
strate 630, a black matrix 640, a color filter 650, a common
clectrode 660, and first and second cut portions 610 and 620.

The black matrix 640 1s disposed on the second 1nsulating
substrate 630 and overlaps the gate line 200, the data line 300,
the TF'T, the storage line 400, and the storage electrode 410
disposed on the first substrate 1, in order to prevent light
leakage. The black matrix 640 may include an opaque metal
or an organic material.

The color filter 650 displays colors by including red, green,
and blue color resins 1n the pixel region 10. The color filter
650 may be arranged to overlap the black matrix 640.

The common electrode 660 1s disposed on the black matrix
640 and the color filter 650. The first cut portion 610 1s
disposed 1n a region where the common electrode 660 over-
laps the center of the first sub-pixel electrode 510, and the
second cut portion 620 1s disposed 1n a region where the
common e¢lectrode 660 overlaps the center of the second
sub-pixel electrode 520.

When a data signal 1s applied to the first and second sub-
pixel electrodes 510 and 520, the first and second cut portions
610 and 620 form a fringe field to drive the liquid crystal layer
3. The first and second cut portions 610 and 620 may have the
same shape as that of the edge of the first and second sub-
pixels 510 and 520 to produce the equal electric fields 1n the
pixel region.

To prevent a step difference caused by the color filter 650
and the black matrix 640, an over coat layer (not depicted)
may further be provided between the common electrode 660,
the color filter 650, and the black matrix 640.

A method of manufacturing of an LCD panel in accordance
with another exemplary embodiment of the present invention
will be described with reference to FIG. 3, FIG. 4, FIG. 5,
FIG. 6, FIG. 7, and F1G. 8. The following provides a descrip-
tion of a method of manufacturing a first substrate having a
thin film transistor array in the LCD panel 1n accordance with
the exemplary embodiment of the present invention.

Referring to FIG. 3, a butiler insulating layer 40 1s formed
on a {irst insulating substrate 30, and an integrated active layer
100 1s formed thereon by a first mask process.

In particular, the buifer insulating layer 40 1s formed by
depositing an inorganic insulating material such as silicon
nitride (S1N ) or silicon oxide (S10,) on the entire surtace of
the insulating substrate 30 and prevents impurities of the
insulating substrate 30 from diffusing.

Next, an amorphous silicon layer 1s formed on the buffer
insulating layer 40 by low pressure chemical vapor deposition
(LPCVD) or plasma enhanced chemical vapor deposition
(PECVD) method, and the amorphous silicon layer 1s crys-
tallized to form the active layer 100 and an active extension
portion 150. A dehydrogenation process may be performed
before the crystallization of the amorphous silicon layer to
remove hydrogen present 1n the amorphous silicon layer.

To crystallize the amorphous silicon layer, a sequential
lateral solidification (SLS) method, which 1s a type of exci-
mer laser annealing (ELA), may be used to improve the
crystal size by irradiating a line beam in the horizontal direc-
tion to grow the crystal laterally. Alternatively, a general ELA
method or other crystallization methods may be used.

Referring to FIG. 4, a gate insulating layer 50 1s formed on
the buifer insulating layer 40, the active layer 100, and the
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active extension portion 150. Then, a gate pattern including a
gate line 200, first and second gate electrodes 211 and 212, a
storage line 400, and a storage electrode 410 are formed on
the gate insulating layer 50 by a second mask process. A
second storage line 420 may further be provided.

Next, impurities are doped 1nto a source contactregion 130

and a drain contact region 140, and impurities are doped into
first, second, and third LDD regions 121, 122, and 123.

In particular, an 1norganic insulating material such as S1IN_
or 510, 1s deposited on the entire surface of the buffer 1nsu-
lating layer 40, the active layer 100, and the active extension
portion 150 to form the gate insulating layer 50.

Then, a gate metal layer including a material such as, but
not limited to, chromium (Cr) or a Cr alloy, aluminum (Al) or
an Al alloy, molybdenum (Mo) or a Mo alloy, silver (Ag) or an
Ag alloy, tungsten (W) or a W alloy, titamium ('11) or a T1 alloy,
1s deposited on the gate insulating layer 50 1n a single-layer or
multilayer structure by a sputtering method. For example, a
single-layer of aluminum neodymium (AINd), an aluminum
alloy, or a double-layer of Al and AINd may be deposited.
Next, a photoresist 1s coated on the gate metal layer and the
resulting gate metal layer 1s patterned by a photolithographic
process using a second mask, thus forming a gate pattern in a
single-layer or multilayer structure.

Subsequently, n+ impurities are doped 1nto the source con-
tact region 130 and the drain contact region 140 using the
photoresist remaining only on the gate pattern as a mask.
Then, the photoresist remaining on the gate pattern 1is
removed and n— impurities are doped into the first, second,
and third LDD regions 121, 122, and 123.

Thereatter, an activation process 1s performed so that the
n+ impurities can diffuse 1n the source contact region 130 and
the drain contact region 140, and the n— 1impurities can diffuse
in the first, second, and third LDD regions 121, 122, and 123.
For activation, a rapid thermal annealing (RTA) method to
heat a corresponding region for a short time using a focused
lamp may be used. However, other activation methods may be
used stead.

Retferring to FIG. 5, an interlayer msulating layer 60 1s
formed on the gate insulating layer 50 and the gate pattern
through a third mask process.

In detail, the interlayer insulating layer 60 1s deposited on
the gate insulating layer 50 and the gate pattern using an
inorganic insulating material, such as S1N_or S10_ 1n a single-
layer or multilayer structure, by a PECVD or atmospheric
pressure chemical vapor deposition (APCVD) process. Next,
source and drain contact holes 71 and 72 that penetrate the
interlayer insulating layer 60 and the gate insulating layer 50
are formed by a photolithographic process using a third mask,
thus exposing the source contact region 130 and the drain
contact region 140, respectively.

Referring to FI1G. 6, a data pattern including a data line 300,
a source electrode 310, and a drain electrode 320 1s formed.

In particular, a data metal layer including a material such as
Cr or a Cr alloy, Al or an Al alloy, Mo or a Mo alloy, Ag or an
Ag alloy, W or a W alloy, or 11 or a T1 alloy, 1s deposited 1n a
single-layer or multilayer structure by a sputtering method.
For example, a single-layer of MoW, a triple-layer of Ti/Al/
11, or a triple-layer of Mo/Al/Mo may be deposited.

Thereatter, an annealing process 1s performed to recover
the characteristics of the channel region 110 that may have
been deteriorated due to the deposition process and to
improve contact resistance between metals. An RTA method
may be used for annealing. Next, a photoresist 1s coated on the
data metal layer and then the data pattern 1s formed by a
photolithographic process using a fourth mask.
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Referring to FIG. 7, an organic protective layer 70 1s
tformed on the data pattern and the interlayer insulating layer
60 by a fifth mask process.

In detail, the organic protective layer 70 1s deposited on the
data pattern and the interlayer insulating layer 60 by a spin
coating method, for example. A photosensitive organic mate-
rial such as, but not limited to, acrylic, may be used as the
organic protective layer 70. Next, first and second contact
holes 73 and 74 are formed 1n the organic protective layer 70

by a photolithographic process using a fifth mask.

In this case, an morganic protective layer may further be
provided before the formation of the organic protective layer
70. The inorganic protective layer may be formed only on the
upper surface of the data pattern.

Referring to FIG. 8, a transparent conductive pattern
including first and second sub-pixel electrodes 510 and 520 1s
tformed on the organic protective layer 70 by a sixth mask
process.

In detail, a transparent conductive metal layer such as
indium tin oxide (ITO) or mndium zinc oxide (IZ0) 1s depos-
ited on the organic protective layer 70. Thereatter, the trans-
parent conductive metal layer i1s patterned by a photolitho-
graphic process using the sixth mask to form a transparent
conductive pattern.

Although a case 1n which the active layer 1s formed of
polycrystalline silicon has been described with reference to
FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 7, and FIG. 8, amorphous
silicon may be used as the active layer. In the case where
amorphous silicon 1s used as the active layer, the structure of
the thin film transistor may be changed. However, even 1n the
case where the amorphous silicon 1s used as above, the drain
clectrode 1s connected to the first and second sub-pixel elec-
trodes through the contact holes, and thus 1t may be possible
to apply the data signal to the first and second sub-pixel
clectrodes without the formation of the bridge electrode.

As described above, the display panel and the method of
manufacturing the same 1n accordance with the present inven-
tion may prevent an etching defect by directly connecting the
drain electrode to the sub-pixel electrodes without the use of
a bridge electrode.

Moreover, since a bridge electrode 1s not used, 1t may be
possible to prevent a display defect due to depression of a
spacer used 1n the LCD panel.

Furthermore, since a mask pattern for forming the bridge
clectrode 1s not formed during the manufacture of the display
panel, the yield may be improved.

It will be apparent to those skilled in the art that various
modifications and variation can be made 1n the present inven-
tion without departing from the spirit or scope of the 1inven-
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tion. Thus, 1t 1s mtended that the present invention cover the
modifications and variations of this mnvention provided they
come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. A method of manufacturing a display panel, the method
comprising;

forming a gate line to divide a pixel region 1nto a first region

and a second region;

forming a data line to be mnsulated from the gate line;

forming a thin film transistor at a crossing of the gate line

and the data line, the thin film transistor comprising a
drain electrode;

forming a protective layer on the thin film transistor;

forming a first contact hole and a second contact hole

penetrating the protective layer;

forming a first sub-pixel electrode on the protective layer

and 1n the firstregion of the divided pixel region, the first
sub-pixel electrode being directly connected to the drain
clectrode through the first contact hole; and
forming a second sub-pixel electrode on the protective
layer and 1n the second region of the divided pixel
region, the second sub-pixel electrode being directly
connected to the drain electrode through the second
contact hole,
wherein the first sub-pixel electrode 1s directly connected
to the second sub-pixel electrode via the drain electrode,

wherein the forming the gate line comprises forming a gate
clectrode connected to the gate line, forming a storage
line parallel to the gate line, and forming a storage elec-
trode protruding from the storage line,

wherein the forming the thin film transistor comprises

forming an active layer overlapping with the gate elec-
trode, forming a source electrode connected to the data
line and one side of the active layer, and forming the
drain electrode to face the source electrode, and
wherein the forming the active layer further comprises
forming an active extension portion extending from the
active layer and overlapping with the storage electrode.

2. The method of claim 1, wherein the forming the drain
clectrode further comprises forming the drain electrode to
overlap with the active extension portion.

3. The method of claim 1, wherein the forming the gate line
further comprises forming a second storage line between a
previous pixel region and the pixel region.

4. The method of claim 1, further comprising:

forming the first sub-pixel electrode to overlap with the

storage electrode.
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